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Yaie investigation fe concerned with the problem of 
eptaining a meana for designing reinforcing doublers for circu 
lef cutouts in tenaficn penels. Tension panels inelude enndwich 
‘ype eeteriel on which the doublers asy be riveted or bonded, 

The enalyeis wae Limited te a plane sheet ef infinite 
width. All tests vere performed on Hotalite with .0c2 in. 
faces and .5 in. Dalen cores, 

Tromp previously detereined formules, «a chert ves 
developed which expresses the maxious stress concentration at 
® guteut as a function of the ratios of doubler radius to cute 
out radius ant of sheet thickness te doubler thickness, the 
results of the teste on noneinfinite Metelite verified this 
chart and eleo demonstrated that bonding ie superior to rivet. 
ing o¢ a means Of sitechment of douslers to Hetelite. 
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fhe modern oirars’t hae become feater, heavier, and 
aore Cependcent on a lerge supply of fuel. The etractares are 
Geeplex ani have sore catoutse for «secesery holes, doors, vine 
dows, ef0, I$ is neceusesy, therefore, that these catecte be 
Feinforced in euch « senmer oa te crevice aaxiaun stroe: ree 
éaetion at o minima weight, At the present time thie t< acre 
oF lens 2 “out and try” process. | 

Semiwich type weterinil ts ome of the naw developaentes 
for strerft. I¢ consiate af tue tin cheets of setel with o 
relatively thick, nomhonogeneons, core of low deneity acteried 
bonded together, Nsinforsing doublera my be inbornsliy bonded 
oy extermliy riveted, 

Tate ievestigetion wees undertehen : 
in wind: Firat, to derive « neane for detersinetion af the 
preper size of deabler to te ueod for a given cateut, ends 
Secont, te compere the bonded doublora with the riveted doublers 
ag to their effectiveness Im the redaction af atress concen 
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the enalyele wee Limited te the condition of aniforn 
tension epriied to 2 plane eheet of infiniie wiith having a 
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The tests vere mede on Nebelite ponele fabricated by 
Chance Yousht Division of United Airere’t Corp, The pemele 
hed ,082 in, feaen of 75%%6 Aloind ond » .5 in, core of 
%a9 3b/ft2 density end grein bales, hey were bonded with 
Redux, Internal doublers of .C52 in, and ,064 in, and an om 
ternal viveted doubler of .064 in. were used, Cutouts varied 
from 2 in. to 5 in, while the dowblers wore 9 in, in dieseter, 
& uniforn condition of teneien wee attempted tut not achieved 
fer the tents. 

The euthor wishes to express his appreciation to 
Professor Joseph A, Vise for his valuebdle sfvice and ascistance 
on 21] pheeee of the inveatigntion, and to Hr. %, FP, Hneoncagh 
pnd tir, % 0, Broding of Chance Yought Aireraft Division for 
their aesintence in helping formuinte the problem ond for fume 
siehing the Metelite teet panels, 

This prejeet was carried out éuring the seadenic year 
i981-1982 at the University of Ainnesets under the eucerrision 
of Professor Joseph &, View, therlse edviser, 
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SPORSTICAL AMALYSI“ 


if s plane sheet of infinite width has « centrally 
igeated tole and is sabjeeted to « uniform tensile lLocd, it 
wil, be found thet a mexinusa atress concentration oscars at the 
border of the hole at an sngle of 90° from the direction of the 
applied tension, Free 34. Vonant's principle, 1¢ can be con 
ciwied thet the strese inerease diminishes rapidly sway from the 
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Sonaldering Fig. (1): as eiven in Bef. (6), if d 
ie large in comparison to a (five tines or more), 16 con bo age 
saned that sirecses at radius b are essentially the seme as in 
= plate with ao hole end are given aa; 
(cr)-b =< 49+ £5 Cos 20 
(dve)eu = ~4 S Sin 26 
Theae forces acting on = ring of radii a ené b heve been show: 


te give the strese distritution within the ring expressed ty 
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I$ oan be found that when r @ 2 ond O-], =F that o,- Sro-0 
and that Ge = S6mex « 35, 

it ie this stress concentration of 25 thet mast be 
reduced by « reinforcing doubler. Ae shown in Jef.(b), the 
eseve formulas were further developed for « plate with - deubler. 
These formaine with their conatante are conteined in Acpendix A, 

haeminetion of the formiies in App. A shows these to Be 
quite lengthy nn@ difficult te use. Further exemiaction reveals 
thet dimensionless coefficients may be employed in the foroukas 
ead their complexity may be reduced, 

Because the point at the hole berder at ©= is 
the principle point in question, the formeia for 09;, 28 riven 


in App, A, was the one selected for further developnent. 
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The Zollewing syobol« were used; 


a @ padiue of cutout 

& @ redius of doubler 

£60 * thickness ef sheet 

ti @ thickness of sheet ond dorbler 
’ dv 


oF oe 


3 @ applied atress 

6a,@ atrese st hole due to 45 component of redial strese 

6% atrace at hole cus to ia Coe 20cenponent of radiai sirecs 
end «16 Sin 20eemponent of shear strees 

%* tote) strece ot hole in terns of © 

AL* Foleson'a ratio 

Se (Bo) He (1 +2)* Le (new 

Pe (1 #2} I we (3 + Dawe) Be (3 #2?) 
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if the above dimensionless ratios, ¢ and &, are 
substituted in the Jo, formulas for 6-= end * @ ae, the 
foilowing formiiss are the recult, 
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~al (a = $-') )-(F+2)|S 


6, i 3% ee -(- 2S F +H) +5 (F- af «1)@F 3. =1) 


A plet wae constructed forCeys. & for verlous yolues 
of qg. 1% te illustrated as Pic. (2). This chart provides a 
conventont means for obtaining maximum stress ot = hele for 
fiven Gimensions of the sheet and doubler. 

fhe forealaa of App. A. were coneidered further for 
atvesses in the sheet outeide of the doubler. 36 wea found thet, 
oven for very sarvow doublers, if the stress at the hole $= not 
reduced below 3, the stress st the minimum section will never 
be evecter then the strass et the hole. ‘The stress at the hole 
ie then the mexicem end need be the only one te concider, Fig, 
(i), therefore, le the only plot that need be made fron the 


g$reee formulas. 
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One of the prime considerations in the desig of « 
égobler fa the queation of weight saving. Fic. (3) ean be 
waed to aelcalete the weights of doublers that provide the 
seme atress reduction, The below formuln can be aned for 
coloulating the weight of s dowbler. 

weight » (deneity) (voluze) 
we (wt }e® « a%)(t4 = to) 
wae fn e®tolh® . nG « 1) 
Veing Tig.(3) typical cases can te evaluated, Tt will be found 
that the thicker doubler with the smaller radius will be the 
lightest. in the region of euall &, bewever, the denser of 
fandequste stress reduction would be prevalent. 
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The teat specimens consisted of four Metelite penelse 
fovricnted by Chance Vought Airersft Division of United Aircraft 
Corpermtion, Zhe feces of the panele were ,025 in, FOOT Ale 
cied, The core waa ande of 7 = 9 lbe/ft? end anin belen. ALL 
penele were bonded with Nedux, As reeeived each panel mencured 
16 in, x 27 in, with a 1h in, x 18 in, 7557 elusism insert 
at each end, (ne panel conteined no reinfercenents; two panels 
hed 0 in, Glameter, centrally positioned, internsliy bonded, 
éoublers of 022 in. and .064 in, 7557-6 Alclad. ‘The remine 
ing panel had 2 9 in, diemeter, .064 in, slusinur external 
riveted doubler on each fece, The rivets used were Sugk Brosier 

aD, 1/6 in. diameter, 


fo prepare the panels for testing, 2 central hole of 
& in. diameter was out in ench, Yor attaching te the supporte 
ing epperatas, 66 belt holes of 5/16 in. were drilled in eech 
emi, Saldwin 88.4 electric strain mges were cemented to the 
onnele ot veriouws loentions. The types of gares wers, ‘+7, 
Amil, AuG, ond Jelf, The wery emoll mice lengths ef mest of 
those gazes mode them very sdaptable for placement near the cute 
ous boundary, 

Pigs. (4),(5),(6),(7), end (8) are exetches and photo. 
exvephe of the test specimens civing pertinent dimensions ond strain 
fege Loaations. 
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The principle testing apperatuc was 2 Southwerr foory 
testing mechine with Teteelimery load indicetor sanufactured by 
the Seldwin Southwerk Division of Saldvin Locomotive Yorke, 
Philedelphie, Pa. The strain indiesting device was the Andere 
eon 34 point Strainneter, Model 201, manmufectured by Arthar &, 
&néerson, Soringdele, Comm, A etandard gabvanometer «ni twe 
14 volt Gry cells completed the mersuring apparatus, 524 
atenin gages, of the types uned on the penel, were mounted on 
@ email piece of Metalite oni were used for tenparsture compen. 
acting gages. 

in an sttempt to obtein a uniform Cistribution of the 
iesd across the top of the panels, on attachaent ri¢ wea febri~ 
eated from stecl, ‘The lond from the test machine we trenonitted 
te two 3 in, chomnel beans which in tura transmitted the lead te 
two 6 in. x 2 in, plates through four 2 in, = 3/8 in, steel bers. 
The plates were belted te the panels through the alumimwn ine 
serte with 56 3/16 in. Bolte. Fig.(9) shows the complete tent 
setup end Sige.(10}) ecives « lerger view of a panel end ite at- 
tachment gecr, 

4 panel wee mounted tn the testing mechine and the 
strain zace leade fron the test and eompenesting eogeswere cone 
necteé to the atrainseter, The lend was min up te 26,000 le, 
ent down to sero te set all gouges. A load of 100 Tbe, wae then 
pat on the penel and all strain readings vere sdjusted ts sere, 
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She aaghine was run up to 6,100 lbs. om! readings from the top 
six eoces were taken. It wae desired te anke thene cages read 
equnily in order to preduce « state of uniform tension across 
the plete. Since they were never aquel, the losd was run down 
aeein end shine were pinced under the belt supperte of the 
various 2 in, loeding bars, ‘the strainmeter vould de rezeroed 
at 106 lbe, and « losd of 6,100 ibs, woold be tepressed acain, 
Thies procese would te repeated as meny ac 20 tlasa until the 
‘best sosaiblie loading wae obtained. The wiform tension condi 
tion, hovever, was sever attained. 

With the finel shieming completed, 211 eres vere 
teeverced for 100 Ibe, and the first load of 6,100 lbs, was 
set on the eachine, At thie loading all geces wore reed, the 
londings were then incresead to 10,000, 15,000, 20,000, 
26,000, and 20,000 tbe, and a reading of all cages mde for ench 
losé, The loading wae then reduced te 1606 Lbe, ond the cere 
rendine checked, It was found that fer the riveted panel the 
sere rendings were off a considernble scount. ‘This was due to 
the fect thet the doubler was not fabricated from 7557.6 Alclad 
6@ were oll of the other doublers, This run wes repeated using 
& maximum lesd ef 25,000 lbs, For thie londing the sero recte 
ings vere satiefactory. “he penel with no deubler woe linited 
to & 20,000 1b, load in orfer te stay below the yield poict. 

“pen ench of the four panels had been tested once, the 


A Pum onal? aden of Sonteed way soqtet oume 
one Pelee EER oe. tenes, 2 ee Semin ae re 
oti te strony. shed oft webao Aendy oemy. onto A 
Sapmessat od ‘isww ietenmlwide ef soned pathaos wat & 
Siege beamorget of Divow ft Whe Ye depl s ben 06k 008 
| mit Sites gent 8 no pant ne hacen 96 Mean xemmene bet | 
ethers mptened mvvtlan af pinto soe sens aaa 
; sheatetin teven new : 

(MAL ems Lis pdodniyne yatemhte Lent’ eft apee | q 

BEY 2dE POE,D Yo Seok wel ads has 26t, O08 a3 

9 sheer orem oem Ln gatbank abst 4, vanidens edt oo S90 
ie 0 0,88 2900,08 of boasanact 2sd¢ orew ! 

Tithe sees Ln WO Batons » han seh 000,06 fen OCR 
SRE 0 nt een ae 

ep pag nl teh etonts pathage } 

my neds vtnmien aidmabinecs « Yio mew eqathawn eine : 
ans et a Se 
 sieclaapsoatigt omaeliioh tauite odd Jo Lie enew ae 

weer ode yatheol 2h? spl .96L OOP,88 to deal mumbo 
intial aaw islivch on dtie Lacy ot sibieaaind aa | 
e atabog Sinty uit welod vote Of avian at Seatglt Pi 7 
Mf once Dedeed goed bai oleae: ‘wat ott Yo deen ae 


. 


fy 


wy 


eatoute wore enlarged to a 4 in, diemeter. If any strain ooces 
wore destroyed in the process, new ones were inetelie’d, After 
the teste at 4 in, diameter, the holes were increased to & in, 
end the finel tests vere mde, 

Since ell giges vere on an azie of symeetry in o tane 
gentiol orientation, with the exception cf a few on the riveted 
dosbler, the strain readings were converted to stresses by the 
formals 


She pore fector correction, (2.05)/(6.%.), wee noceesary becouse 
the Anderson Strninaeter i« conetructed with a ballt in mre 
factor sliowence of 2,05, The stresses thus obtained from the 
tests sre recorded in Tables I to XII, 

An additional serrestion wae neceseary for scone of the 
wages on the riveted doubler, Seenuse of interfering rivetea, 
eome poves hed to be looeted off of axis of eysmeter, The 
sethed of eorrection for this offeet 16 aentained in Appeniie 5, 
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ARALYGIG GF RESULSS 


Se brought out in the previous section, 4% was ime 
possible te obtain « condition of uniform tension in the panels. 
Stnee sll eoges on the front aheet of the panel were nob duplie 
ented on the rear, 1% was nesesensy to consider the gazes on 
the front panel omigy. As indicated by ances 1 to 6, the front 
panel took from 48,4 to Sd percent ef the totel lesd, Table AIII 
givee the values of losé taken by the front face for each ren, 

fhe yesulte of 211 experimental rane were plotted and 
are illustrated as Pig.{11) to (22), The curves represent tanw 
fentisl atrecs, Go, at the sinimum saction of the plate vs. 
redius from the center of the hole. | 

Yor the theoretiesl results, it wae sesumed that the 
Belen core took no part of the lesd. This encunte to an error 
of legs then 1.5 percent; eee A4op. 3. The theorr, as civen 
in Bef.(¢), for plates of noneinfinite width was used fer com 
periecon with the penele having no doublers, The theoretic] 
stress distribution, aa csiven in that reference, were plotted 
on Figs. (11), (15), and (19). Seeminetion of these plots shew 
excellent asreesent in the ares of the catent. The theorstios] 
etrees becomes higher then the seaeared strece for pesitions 
oveay from the cutout. This could be due to the nonuniform 
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eonfition ef applied etree: in the panel. All test curves are 
eonetistent in shepe with the theoretical curves, 

Por the panels with doublers, the a of Zef,(b) 
wae ased for aenparison, ‘The theoreticsl stress curvee are 
ahown on the reunining Pigs, (11) to (22). 

the test requite for the bonded doublere show exe 
ee@lient correlation with the theory of 2ef.(b). The most noe 
ticesble depertare from the thaery fe for the .G32 in, doubler 
with 5 in. cutout vhere the seneured mesimunm stresses ore hicher 
then the predicted stresses; ses Fiz.(20). This is most prow 
bebly due to the condition ef noneinfinite vidth ef the tent 
penele. As chown on Fig.(19), the strees for a 6 in, hole with 
m reinforeing 1s 4,249 inetend of 26 fer an infinite plate. 
The other deperture from the theoreties] carves ocours ot the 
outer boundery of the doubler, This wan expected, since the 
theory requires « discontimaity in the streqe curve which aould 
aot possibly exit. 

The maxioum etroaces xt the eatout for the bonded 
doublers were taken from the reapective plote and divided ty the 
applied «tress for all loetings, The walues thus obteined were 
evyeroged end recorded in Table XTY, ‘These seme values were 
plotted on Pig,(%) which wae developed in » previous section. 
“he experimental pointe show excellent ceorrelstion with the 
theory developed for Fizg.(S) when it is remechered that the thea. 
retical curves are for « piste of infinite width. 
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Tt should alee be mentioned thet wille the atresses 
at the holes were tsken almost to the yield point of the ma 
terial, which is 60,000 psi., mo lows in tennenlesion of stress 
by the Redux bending was apparent, 
ble? are ani consistent with the theory. It first appeared thet 
the phoned Ohtatnat ot the cutout wee lees than the theory pree 
Gicted, Sinee thie woe suepeeted to be frlee, an Ai? mmco wes 
inetelleé on the ineide plate for the ran with the 5 in, hole. 
Je thown om Pig.(22), the strese in the pinte is considerably 
higher then the etress on the doubler and higher than the thace 
veticsl etrese. I¢ ta olwicas thet the rivets were not affece 
tively trenanitting the losd te the doubler. ‘This may hove been 
dae te teo few rivets, especialiy in the ense of the 5 in, cut» 
gut, or dae te the type rivets used, In thet ense the rivets 
eutent bousdery for the riveted penel sre elec recorded in 
Zable XIV for comparison with the theoretical and bonted dow 
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CONGLUSIGNS 


Pron the experimental resaite obtained in this test, 
it aan be eonalades that the chart, 7i¢.(2), developed for 
doubler pintes for circuler cutouts in am inftaitely wide piene 
sheet ony be useful in future design of doubler rings, 

Tt cen be furtter ecnainded thas internal bonded 
doublers ere superior to externel piveted doublers in reducing 
atress concentration around o cirouler cutout in Setelite, 
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Metalite Test Panels 


Figure 8 
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Test Setup 


Figure 9 
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Figure 10 
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STRESSES FROM STRAIN GAGE READINGS 
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STRESSES FROM STRAIN GAGE READINGS 
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TABLE IV 
STRESSES FROM STRAIN GAGE READINGS 
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STRESSES FROM STRAIN GAGE READINGS 
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TABLE VI 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL - ,032 in, DOUBLER - 4 in, CUTOUT 
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STRESSES FROM STRAIN GAGE READINGS 
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STRESSES FROM STRAIN GAGE READINGS 
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STRESSES FROM STRAIN GAGE READINGS 
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STRESSES FROM STRAIN GAGE READINGS 
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TABLE XII 
STRESSES FROM STRAIN GAGE READINGS 


METALITE PANEL - .064 in. RIVETED DOUBLER - 5 in, CUTOUT 
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TABLE XITI 


PERCENT OF APPLIED LOAD 


TAKEN BY FRONT FACE OF TEST PANELS 
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APPENDIX A 


STRESS FORMULAS AS DERIVED IN REF,(»b). 


The following symbols were used in Ref.(b): 
S - applied stress. 

@ = angle measured from the direction of the load, 
a - radius of cutout. 

b - externel radius of reinforcing ring, 
ti — thickness of ring and sheet. 

to - thickness of sheet. 

A - Poisson's ratio. 

E «- modulus of elasticity. 

o@ - tangential stress inside of the ring. 
0%, - tangential stress outside of the ring. 
Si radial stress inside of the ring. 

Ore~ radial stress outside of the ring. 

The solution, as developed in Ref.(b), for a circular 
hole with a reinforcement ring considers the stresses in 
the area of the cutout as being created by two forces existing 
at a radius far away from the cutout; the radial force 4S, 
and the combination of the radial force, 48 Cos 26, and the 


shearing force, -3S Sin 20, 
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Stresses due to the radial component (48): 
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APPENDIX B 
CALCULATIONS 

Symbols; 

A - area, in? 

E ~ modulus of elasticity, psi. 

o -— stress, psi. 

€ - strain, in/in. 

Lad - load, lbs. 

G.F, - gage factor. 

S applied stress, psi. 

a) ~- angle measured from the direction of loading 

a - radius of cutout, in. 

b - radius of doubler, in. 

te <= thickness of core, in. 

to = thickness of sheet, in. 

ti = thickness of sheet and doubler, in. 

k ratio of radii, b/a. 

q  -ratio of thicknesses, to/ti. 

Oo, = tangential stress at hole due to (4S) component of 
radial stress, psi. . 

Oe, =< tangential stress at hole due to (4SCos 26) component 
of radial stress and (-$5 Sin 26) component of shear 
stress, psi. 

Je = 0a, + Te, - total tangential stress at hole in terms 


of applied stress, S. 
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APPENDIX B 
CALCULATIONS 

Symbols: 

A - area, in? 

E ~- modulus of elasticity, psi. 

o -— stress, psi. 

€ - strain, in/in. 

La - load, lbs. 

G.F, - gage factor. 

S + applied stress, psi. 

9 - angle measured from the direction of loading 

a - radius of cutout, in. 

b - radius of doubler, in. 

te <= thickness of core, in. 

to - thickness of sheet, in. 

ti =| thickness of sheet and doubler, in, 

k ratio of radii, b/a. 

q = ratio of thicknesses, to/ti. 

Oo, = tangential stress at hole due to (4S) component of 
radial stress, psi. . 

Oe, =< tangential stress at hole due to (4SCos 26) component 
of radial stress and (-35 Sin 26) component of shear 
stress, psi. 

Se = 04+ Te, - total tengential stress at hole in terms 


of applied stress, 8. 
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PERCENT OF LOAD TAKEN BY METALITE FACES; 


Ld = ha! + Ld Metalite - 18 in. wide 
total faces core tp ieee tes 
Ld, = Apter + AO” te = .50 in 
t £°f ° . 
can Ep = 10.3 x 106 psi. 
Ld, = ApBs&p + ADQ€, E, = .0166 x 10° psi, 
dg _ ApE 5€p E,= €, 
Ld Agi ép a AE LK 
L 
ae = (2)(18)(.032)(10.3 
Ld, = (2) (18) (032) (10.3) + (1)(18)(.5)(.0166) 
Ldg 
— = 987 
Ld, 


Faces take 98.7 percent of the impressed load. 
THEORETICAL APPLIED STRESS: 


zero loading 100 lbs. 


first loading = 6100 lbs. - Ap = 1482 Mn? 
ALd = 6000 lbs. 


stress = Ald = 6000 = 5220 psi. 
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‘STRESS OBTAINED FROM STRAIN METER READINGS; 


Load Meter Metalite - No Doubler 
100 lbs. 0 3 in. cutout 
6100 lbs. 1070 Gage No, 7; SR-4, A-19 
Aread = 1070 Gage Factor = 1,63 


EB = 10.3 x 108 psi. 


€= (dread) (2.05) (107°) 


° e 


€ = (1070)(2.05)(1075) = 1346 x 107° in. /in, 
(T.63) 


os €B = (1346)(10.3) = 13880 psi. 
CORRECTION FOR STRAIN GAGES NOT ON THE AXIS OF SYMMETRY: 


Riveted Doubler 
3 in. cutout 


(= sin? 6 | 16°15! 
Bais 


@=2 90 - = 73°45! 


Te r 


=s {1 +(1.5)2\ - S [1 + 3(1.5)* ) Cos 2(73945') 
n= 3 (He | 3( eis . ; 


Oe, = 5(.7435) = 8(.855)(-.844) = 1.46555 
A 


So = s(** 3) -3(°* 3] Cos 20 
2 — 


Jo, S(.7435) - S(.855)(-1.0) = 1.59858 


Cz = (1.5985 Oz 2 1.09 a 
eS taessy ° ‘ 
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PERCENT OF LOAD TAKEN BY THE FRONT FACE; 


940 


Meter Readings Metalite = no doubler 
Gage Front Rear 3 in. cutout 
1 990 Gages - SR-4,A-11 
2 950 Gage Factor # 2.08 
3 840 Load = 10100 lbs. 
; 850 EB = 10.3 x 106 psi, 
6 


1000 
sum 2770 2800 


Ave. & front - (2770)(2.05) (10.3) - 9100 psi. 
3 (2,08) 


(2800)(2.05)(10.3) = 9200 psi. 
(2,08) 


Avg. Ld, Tp Ap 9100Ar 


Avg. ldy = SpA, = 9200A, Ap = A, 
Ld, = Idp + Id, = 18300A 


Avg. J rear 


Ld, TSS00A- 


The front face takes 49.75 percent of the load. 


THEORETICAL MAXIMUM STRESS AT CUTOUT: 


k=>b2=4.5 338 
a ToD 
= 9 
k* = 81 
x& = 729 q@ te = .0m3 c i 
i 064 
x® = 6561 
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rat «2 tat CAnr > he 


E!'s (3 ~~) # 2.7; Fe (1+) 2 1,3; Ge (1 o<*) « 91 
H s (it-v)2=1.69; I 8 (34+ 2% -<*) = 3.51 
JI os (5-2g¢+e") 24.49; Ls (4 -<*) = 21 


M = (3+.27) = 3.09 


Tg= Cm + OB, 


Substitution of the above constants in the formas yield: 
Ca, = .634 S 


Og = .6348 + 1.3418 = 1.9758 
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Thesis 


L63 Lieber 1°7331 


Stress concentrations around re- 
inforced circular cutouts in metalite 


panels in tension. 


